An expert system called LAIT-XPERT VACHES, developed to evaluate technical management of dairy enterprises, was tested using case data. The expertise of the system was provided from information obtained from interviews of three dairy management or nutrition experts. LAIT-XPERT VACHES contains over 950 rules and runs on IBM-compatible personal computers. It calculates objectives in milk production, fat and protein production, feeding cost, reproduction, and other areas. In addition, it detects problems and high performance according to these objectives; researches the causes of problems in herd management, feeding, genetics, health, housing, and other areas; and lists conclusions by sector. Using a monthly report of 10 farms registered in the DHI program of Quebec, LAIT-XPERT VACHES issued 92.3% of the conclusions also issued by experts. However, the experts revealed only 53.3% of conclusions reached by the expert system. With Agn-Lait reports of three farms, all conclusions of LAIT-XPERT VACHES were validated by the experts. These results demonstrated that use of an expert system makes it possible
INTRODUCTION
During the last decade, an increasing amount of data has been collected on dairy farms, resulting in more complex reports, which are difficult to evaluate by farmers or even by dairy advisors. The use of an expert system, a new technology derived from artificial intelligence, could be very useful as a decision support system. In agriculture, expert system research was initiated in the early 1980s, and an important number of applications have emerged or are being studied (1, 2, 3, 5 , 6, 8, 11, 12, 13, 15, 16, 17, 18, 20, 21, 23, 24) . Expert systems have not been applied yet on dairy farms, but some prototypes exist or are under development for diagnosis of mastitis (l), for evaluation of reproductive management (7) , for detection of stray voltage problems (9), for detection of ventilation problems (22), for detection of milking equipment problems (4), for economic and financial evaluation of farms (14) , and for management support (10) . Schmisseur and Gamroth (19) applied expert system technology to provide manage-ment advice to dairy operators. In this paper, we report another pioneering effort to apply expert system technology to technical management of dairy enterprise.
MATERIALS AND METHODS
An expert system for technical management of dairy enterprise, LAIT-XPERT VACHES, was developed using the MIMI shell program (Institut National de la Recherche Agronomique, Grignon, France). This expert system runs on standard configured IBM-compatible personal computers with 640 K of base memory. Knowledge base and expertise were provided by three dairy management experts from the private and public sectors and by our own research for some technical criteria.
A series of individual interviews with these experts allowed us to identify various concepts (criteria and problems) that they used to evaluate dairy herd performance. Conceptualization of the knowledge gathered during those meetings resulted in the development of a prototype. A second series of interviews, during which all three experts were present, allowed us to define precise thresholds for all criteria used and the ways to represent the relationships among these criteria. After each interview, new criteria were added to provide an expert system prototype ready to be validated or evaluated. Information needed for such evaluation was obtained from monthly reports of Programme d'analyse des troupeaux laitiers du Qutbec (PATLQ), the DHI program of Quebec, or from reports produced by Agri-Lait or Conseil-Lait software (Agri-Gestion Laval, Universitt Laval, QuCbec, PQ, Canada).
As shown in Tables 1 to 6 , LAIT-XPERT VACHES analyzes two kinds of criteria: 1) criteria allowing the detection of problems in six main sectors of cows management and 2) criteria identifying potential factors causing those problems. The method used by LAIT-XPERT VACHES to analyze performance data of the cows can be described by four steps: 1) the establishment of short-term and long-term objectives for each sector, namely, milk production, fat production, protein production, feeding cost, reproduction, and other (herd weight, culling age, and labor efficiency); 2) the detection of problems according to the objectives fixed in the first step; 3) the research of factors such as herd management, feeding, genetics, health, housing, and other factors (such as season and growth stage) causing the problems detected; and, finally, 4) summary and arrangement of conclusions by sector. Because feeding (including grouping) is a key VACHES to analyze milk production are listed in Table 1 . Milk production, milk breed class average, and their change are used to define whether long-term milk production problems exist in a herd. Short-term problems in milk
Main criteria used by LAIT-XPERT production are identified by production decline (marked decreases in production below the ex- pected lactation curve) and herd average persistency (ratio of actual test production over previous test milk production). If a production problem is detected, the potential causes of this problem are evaluated. Specifically evaluated are management, feeding, health, genetics, growth, reproduction, and other factors ( Table  1) .
Fat production is analyzed mainly with the criteria listed in Table 2 . Annual fat percentage, fat BCA, and their change are the criteria used to detect a long-term problem, and test day fat percentage acts as an indicator of shortterm problems. The causes of a fat problem are searched among production, feeding, genetics, and other factors ( Table 2) .
As with the fat production sector, a problem in the protein sector is detected with annual protein percentage, protein BCA, their change, and protein percentage on test day. The protein to fat ratio is also used. Production, feeding, genetics, and other factors are evaluated as potential causes of the problem (Table 3) .
Main criteria used to analyze feed costs are listed in Table 4 . Annual feed costs, milk minus feeding cost value, milk from roughage, and their change are the criteria used for the detection of a problem. Then, if a problem is detected, management, feeding, health, reproduction, and economic factors are considered as potential causes of this problem ( Table  4) .
The reproduction sector is split into two subsectors: long-term fertility, diagnosed by calving interval and days open, and herd fertility, diagnosed by breedings per cow and conception rate. Reproductive management and herd fertility are evaluated as factors of longterm fertility problems (Table 5 ). Feeding at the beginning of lactation, herd health, genetics, and other factors are then considered as potential causes of low herd fertility ( Table 5) . Culling for reproduction and days dry are also evaluated in the reproduction sector.
The sixth area, "other sectors", includes the analysis of some important sectors that cannot be included in previous sectors, such as cow weight, age, and culling rate and labor efficiency (Table 6) .
Finally, as an important source of problems, feeding is systematically verified ( Table 7) .
Three thresholds were defined for every criterion by the experts: 1) an optimal threshold, herd performance should reach it over the long term; 2) an acceptable threshold, performance is satisfying but can be improved; and 3) a critical threshold, performance is wrong and has to be corrected. As an example of the annual feed cost, experts decided to consider the mean of the top 20% PATLQ herds as optimal threshold, the mean of 20% following as acceptable threshold, and the mean of all herds as critical threshold. Performance data from farms are compared with these 5 for the sector analyzed, the plausibility of the conclusions is 0 when performance data are greater than optimal thresholds; there are no problems in this case. If data are lower than the critical threshold, the plausibility of the conclusion is 100; this criterion is a real problem. Finally, if data are between the acceptable and the critical threshold, the plausibility of the conclusion varies between 0 and 100. However, if the user chooses the coefficient 1, LAIT-XPERT VACHES compares data with acceptable, rather than optimal, thresholds. In the case presented previously, if the coefficient for costs is set at 5, the threshold is the top 20% of PATLQ herds, but, if it is set at 1, the threshold is the following 20%. The ability of LAIT-XPERT VACHES to analyze dairy herd performance and to issue conclusions is contained in some 950 individual rules. The great number of rules required that two knowledge bases be created. The first base was devised to calculate objectives, and the other base was devised to analyze cow performance data. Because the rules (-50 quasirules) used in the first knowledge base were generally forward chaining and without fuzzy factors and plausibility, they were programmed in Basic Professional Development System 7. l (Microsoft Corp., Redmond, WA) to limit the number of rules. The second knowledge base has 905 rules used to perform data analysis and a dialogue file to make the conclusions easier to read. LAIT-XPERT VACHES has more than 1.5 MB of programming (data acquisition program, rules base, and dialogue file). Figure 1 presents an overview of the transit of information in LAIT-XPERT VACHES. Information obtained from the PATLQ or from Agri-Lait can be entered manually or eventually captured directly by a data acquisition program. Therefore, objectives are calculated according to the particulars of the farms. Data and objectives can be printed or sent as an ASCII file to be captured and analyzed by the expert system. Finally, conclusions and their plausibility are listed by sector and can be consulted on the screen, printed, or saved in a file. In LAIT-XPERT VACHES, users can choose which sectors are to be analyzed. It is also possible to correct, if necessary, some objectives calculated by the expert system and judged unadoptable for the farm being tested. Some criteria not available on some reports and useful to data analysis (milk produced from roughages, days from calving to first breeding, and total amount of concentrate) can be estimated with other criteria by the expert system.
Conclusions can point out low performance; therefore, they indicate thresholds to be reached. Conclusions can also point out high performance if data are greater than the optimal threshold. If neither low performance nor high performance occurs in a main sector, "nothing to report" is given. Finally, conclusions can point out factors to be considered as potential causes of the problem, but not examined by the expert system because of the absence of criteria evaluating them in data reports. Such criteria should be verified using other sources of information.
LAIT-XPERT VACHES was tested using case data in two experiments. In the first, a monthly report of 10 randomized herds regis- tered in PATLQ and representing breeds present in the QuCbec cattle population (two Ayrshire, one Canadian, five Holstein, one Jersey, and one Brown Swiss), were analyzed by each of the three experts. Also, the experts noted the time spent to analyze farm data. In another meeting, all of the conclusions of an expert had to be validated by the two others. Then, the experts had to validate the conclusions issued by LAIT-XPERT VACHES using the same reports. The second experiment was carried out to test LAIT-XPERT VACHES for some criteria not included in PATLQ reports (such as protein degradability and microelements). Agri-Lait reports of three farms were then analyzed by LAIT-XPERT VACHES. Reports and conclusions of these analyses were mailed to the experts who had to validate them.
RESULTS AND DISCUSSION
The results of the first experiment are presented in Table 8 . Experts noted 183 conclusions, about 18 conclusions per farm. Seventy-one conclusions (38.8%) related to the feeding sector of herd management. Production and reproduction sectors followed with 37 (20.2%) and 31 (16.9%) conclusions, respectively. Other sectors and cost sector had 22 (12%) conclusions each. Among the experts' conclusions, LAIT-XPERT VACHES issued 70.5% of them, missed 27.9% of them, and pointed out 1.6% in opposition to them. The sectors showing the highest number of similar conclusions were reproduction (93.5%) and cost (81.8%). Feeding and other sectors appeared to be analyzed with less precision than others, showing 56.3% and 63.6%, respectively, of similar conclusions. Some differences between the conclusions of the expert system and of the experts may be explained. Some information was not retained in the conceptual phase in the expert system development to limit its knowledge sector. After considering the conclusions of the experts issued from information available in the expert system, LAIT-XPERT VACHES reached 82.7% similar conclusions and only 1.9% opposite conclusions. Thus, most of the conclusions reached by the experts were also reached by the expert system prototype. The 27 different conclusions were therefore examined by the experts. The experts revealed they made a mistake for 15 of them, and the expert system made a mistake for 12. According to this evaluation, 92.3% of the conclusions of experts were issued also by LAIT-XPERT VACHES, 7.1 % were not, and .6% were opposite. The in ability of the expert system to reach some conclusions may be explained by the analysis method used to develop the expert system; when no problem existed in a sector, the expert system did not examine criteria of this sector, but a human expert could have noted any result out of his or her standards. The human experts drew wrong conclusions, but 10 of these 12 wrong conclusions were drawn for Canadian, Jersey, and Brown Swiss herds LAIT-XPERT VACHES listed 433 conclusions, about 43 conclusions by enterprise, but each conclusion contained less information than that of the conclusions of experts. The information included in the 183 conclusions of experts corresponded to 231 conclusions of LAIT-XPERT VACHES. The experts identified 53.3% of the conclusions by LAIT-XPERT VACHES, but failed to identify 46% of them. The closest agreement between the experts and the expert system was for reproduction (61.9%) and cost (57.7%) sectors. The number of conclusions not noted by the experts was high, but it is difficult for us to estimate the relevance of these conclusions. Perhaps human experts can note only the most important factors. Furthermore, when conclusions contained closely related information, such as conception rate and number of breedings per cow, the experts tended to utilize the most relevant ones.
The time required by the experts to analyze the farm data was about 15 min per farm (19.4, 15.0, and 9.0 min). Conversely, LAIT-XPERT VACHES took 6.5 min with a 5-MHz PC, 3.5 min with a IO-MHz 286, and 2.7 min with a 20-MHz 386sx. Thus, the time required by the expert system was about four times less than that required by the experts. However, typing of data on the keyboard can take an additional 15 to 30 min, although the automatic capture of data would shorten time substantially.
This first experiment showed that expert system technology could be used to analyze performance data of dairy herds and to obtain equivalent and sometimes better results than those of experts. The systematic analysis of an enterprise's performance data appears to be of great interest.
In the second experiment, using Agri-Lait reports of three farms, almost all 172 conclusions issued by LAIT-XPERT VACHES were validated by the three experts ( Table 9 ). Only one conclusion was accepted by only one expert. Very low plausibility (10%) corresponding to this last conclusion may explain the disagreement of the experts. The data were very close to the acceptable threshold. Furthermore, the analysis was made with an adjustment coefficient of 5, which is very severe. 1Two experts disagreed for high calving interval issued from famn 2 (plausibility of this conclusion was 10).
leave no doubt as to the reliability of the analysis made by the expert system. From these results and those of Experiment 1, it seems that differences between the expert system and the human experts come mostly from the limited expertise of the expert system.
CONCLUSIONS
Some characteristics of the expert system show obvious advantages over human experts. The ability of the expert system to cany out systematic and structured analysis makes it an ideal tool at the service of all dairy herd managers. After the information is gathered on dairy farms, expert system technology allows for more effective use of this information. An expert system such as LAIT-XPERT VACHES may be very useful for herds of less popular breeds or for farms located in countries having deficient expertise in dairy production. The experts have undeniable advantages over expert systems in broad expertise and synthesis ability. The current study was the first of its kind to evaluate the application of expert systems for technical management of dairy herds. Other studies are necessary to extend the expertise of the expert systems (for example, in heifer growth), to improve the pertinence of its conclusions, and to find ways to summarize them.
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